1. Introduction {#sec1-animals-09-00434}
===============

Sow lifetime productivity (SLP) is a complex trait that is influenced by both sow productivity (quality pigs weaned per sow per year) and longevity \[[@B1-animals-09-00434],[@B2-animals-09-00434],[@B3-animals-09-00434],[@B4-animals-09-00434]\]. Numerous factors impact SLP, including sow fertility and prolificacy, preweaning mortality, nutrition, management, housing and environment, health and stockmanship, and retention in the breeding herd \[[@B2-animals-09-00434],[@B5-animals-09-00434]\]. Gilts are the foundation of efficient breeding herd performance \[[@B6-animals-09-00434]\] and the successful introduction of high-quality, breeding eligible gilts into the breeding herd is often under-estimated as an important driver of SLP \[[@B7-animals-09-00434],[@B8-animals-09-00434]\]. Acknowledgement of the outstanding SLP achieved by the top 10% of breeding herds worldwide indicates the true reproductive potential of contemporary commercial dam lines, yet many herds fail to realize this potential. The primary goal of this review is to provide convincing evidence that good gilt management can largely resolve the existing gap between excellent genetic potential and the more modest sow lifetime productivity typically achieved in the industry. Nikkila et al. \[[@B9-animals-09-00434]\] concluded that "reproductive and feet/leg soundness or locomotion related removal frequencies imply that genetic improvements in both reproductive and structural soundness traits as well as good reproductive management practices are needed to improve SLP". However, we suggest that in the case of early herd removals for poor reproductive performance, the key issue is inappropriate management of replacement gilts between birth and entry to the breeding herd. Therefore, this review focuses on those aspects of gilt and sow management that relate to key physiological traits that underpin excellent reproductive performance, providing an evidenced-based approach to support proposed management interventions. This approach does not preclude the need to consider many other traits that are part of the integrated selection strategies that support a competitive pork industry, such as selection for conformational traits, robustness, and disease tolerance. Rather, we choose to focus on traits that are affected by management decisions made within the lifetime of the breeding female, irrespective of the specific commercial genotype involved.

Our underlying belief is that gilt management practices from birth have the potential to influence the future reproductive performance of the sow herd \[[@B10-animals-09-00434]\]. A good gilt management program will address several key components, including birth traits that determine the efficiency of replacement gilt production, effective selection of the most fertile gilts for entry to the breeding herd, effective management programs that provide a consistent supply of service eligible gilts and appropriate management of weight, physiological maturity, and a positive metabolic state at breeding. Implementation of a breeding management program that recognizes the important link between effective gilt management and excellent SLP is both achievable and cost effective.

2. Birth Traits that Determine the Efficiency of Replacement Gilt Production {#sec2-animals-09-00434}
============================================================================

In recent years, both individual birth weight and litter birth weight phenotype, as well as the sex ratio of the birth litter, have been reported to be predictive factors of future gilt performance.

2.1. Low Individual Birth Weight {#sec2dot1-animals-09-00434}
--------------------------------

As a consequence of genetic selection for increased litter size, the industry has seen an associated increase in variation in birth weight within the litter and an increase in the proportion of piglets with low birth weight \[[@B11-animals-09-00434]\]. Within-litter variation has been attributed to factors such as the duration of ovulation, oocyte maturation, the implantation capability of conceptuses and position within the uterus, placental efficiency, uterine space, breed differences and intrauterine growth retardation \[[@B12-animals-09-00434]\]. There is consensus that low birth weight gilts have increased preweaning mortality \[[@B13-animals-09-00434],[@B14-animals-09-00434]\] and those low birth weight gilts that do survive past the nursery phase have poor growth until finishing and are significantly lighter than their higher birth weight litter mates \[[@B13-animals-09-00434],[@B15-animals-09-00434]\]. Additionally, as future replacement females, low birth weight negatively impacts their reproductive potential. Variation in birth weight is negatively correlated to ovarian and uterine development \[[@B16-animals-09-00434]\] and low birth weight gilts have different populations of follicles on the ovary and shorter vaginal length at 150 days of age, suggesting ovulation rate and consequently litter size may be adversely affected \[[@B15-animals-09-00434]\]. Collectively, the reports of Valet et al. \[[@B17-animals-09-00434]\] and Calderon-Diaz et al. \[[@B18-animals-09-00434]\] suggested that, in high health environments, the birth weight and overall growth rate of contemporary commercial gilts are not limiting for age at puberty, but preweaning growth rate was inversely related to age at puberty and birth weight was positively associated with uterine weight. Similarly, Magnabosco et al. \[[@B19-animals-09-00434]\] reported that there was no effect of birth weight on the percentage of gilts that showed estrus within 30 days of starting boar exposure at 170 days, nor on age at puberty. However, low birth weight gilts had a higher rate of removal due to anestrus before first mating and gilts weighing \<1.0 kg at birth produced fewer total pigs born alive at first farrowing and fewer total pigs over three parities. Taken together, these results show that low birth weight in replacement gilts compromises future growth, production, and longevity.

Post-farrowing management (day one care) is critical to improving the retention and performance of replacement gilts. The main causes of neonatal piglet mortality are chilling, starvation, and crushing by the sow and most preweaning mortality occurs within three days after birth \[[@B20-animals-09-00434]\]. Low birth weight pigs are compromised, as they generally have lower energy reserves, poorer thermoregulatory abilities, lower vitality, and a decreased ability to acquire colostrum because they are weakened and are less competitive during lactation \[[@B21-animals-09-00434],[@B22-animals-09-00434],[@B23-animals-09-00434]\]. Adequate colostrum intake plays an important role in promoting newborn pig health, growth, and survivability and the effects on subsequent reproductive performance have been well documented \[[@B17-animals-09-00434],[@B22-animals-09-00434],[@B24-animals-09-00434],[@B25-animals-09-00434],[@B26-animals-09-00434]\]. From a growth standpoint, colostrum intake and birth weight are positively associated with weaning weight, and higher colostrum intake is more beneficial to pigs with a lower body weight than a higher body weight \[[@B17-animals-09-00434],[@B24-animals-09-00434],[@B26-animals-09-00434]\]. Furthermore, for low birth weight pigs, weaning weight and finishing weight are significantly improved if piglets consume the maximum as compared with the minimum amount of colostrum \[[@B21-animals-09-00434]\]. From a reproductive standpoint, a low blood immunocrit (an objective measure of immunoglobulin intake) at day one was associated with reduced growth, increased age at puberty, reduced numbers born alive, and reduced preweaning growth rate \[[@B17-animals-09-00434]\]. This is consistent with previous results from Bartol \[[@B25-animals-09-00434]\] suggesting that insufficient colostrum ingestion at birth may impair uterine gland development and reproductive performance. Therefore, it may be beneficial to implement strategic cross-fostering strategies on all future replacement females as suggested by Vallet et al. \[[@B17-animals-09-00434]\] to improve the amount of colostrum ingested by neonatal piglets and, consequently, preweaning growth rates which would be beneficial for future replacement females.

A reduction in the size of the litter in which replacement females are raised is another management technique that may increase overall growth, enhance early development of reproductive organs, and thus increase longevity and performance. In earlier studies, Nelson and Robinson \[[@B27-animals-09-00434]\] showed that gilts reared in small litters (six piglets) were heavier at weaning and 140 days of age, and that ovulation rates were improved in their first parity as compared with gilts reared in large litters (14 piglets). Similarly, Deligeorgis et al. \[[@B16-animals-09-00434]\] reported that preweaning growth rate was impacted when gilts were raised in litters of six, nine or 12 piglets. Using more contemporary commercial dam lines, Flowers \[[@B28-animals-09-00434]\] reported that gilts raised in litters of less than seven reached puberty earlier, had improved farrowing rates, and better retention over six parities as compared with gilts raised in litters that are greater than 10. In a more recent and commercially relevant study, Flowers \[[@B29-animals-09-00434]\] used inherent variability in normal farrowing and lactation management to create two neonatal environments for litters born to sows with an established low birth weight phenotype (see below). On average, gilts in the reduced group were born in litters of 14 but nursed in litters of 13, whereas gilts in the normal group were born in litters of 14.5 but nursed in litters of 16. Confirming the earlier results involving much smaller litter sizes, replacement gilts from the reduced litters were heavier at birth and weaning, grew faster during lactation, and had greater lifetime productivity measured as total pigs produced and retention rates by parity three as compared with their counterparts from the normal group.

2.2. Low Litter Birth Weight Phenotype {#sec2dot2-animals-09-00434}
--------------------------------------

A low litter birth weight phenotype (BWP) is hypothesized to carry all the same risks described above for individual low birth weight gilts but as a "litter" trait. This trait is repeatable over consecutive parities and arises from the interactions between a high ovulation rate, the dynamics of early embryonic survival, and limited placental development early in gestation, irrespective of litter size at term \[[@B30-animals-09-00434],[@B31-animals-09-00434],[@B32-animals-09-00434]\]. Consequently, later in gestation, a repeatable low litter BWP is associated with characteristics of intrauterine growth retardation which negatively affects birth weight, body composition, post-natal survival, growth performance, and testicular development in male pigs \[[@B31-animals-09-00434]\]. Furthermore, gilts born to a sow with a low BWP have lower retention in the herd within four days of birth, at weaning, and at preselection into the breeding herd \[[@B33-animals-09-00434]\].

The ability to predict a sow's litter BWP is important and has considerable ramifications for the efficiency of replacement gilt production and the lifetime productivity of gilts produced. Identifying sows that repeatedly display the low BWP also allows producers to selectively apply the relevant management interventions discussed earlier. In the most extreme low BWP population (bottom 15%) at production herd level, Smit et al. \[[@B31-animals-09-00434]\] reported that no sow first giving birth to a low birth weight litter produced a high birth weight litter at any subsequent farrowing. Therefore, producers can effectively select against extreme low BWP sows without risking missing out on high quality litters born in later parities, and thereby minimize the number of extreme low BWP sows in the nucleus/multiplication herd. This will increase the efficiency of replacement gilt production and also reduce the risk of passing this unfavorable low birth weight trait to the downstream commercial units.

2.3. Sex Ratio {#sec2dot3-animals-09-00434}
--------------

The sex ratio of the litter where the replacement female was born may affect lifetime performance and behavior and could potentially be used as another selection tool at birth \[[@B34-animals-09-00434],[@B35-animals-09-00434]\]. Gilts born to litters with a high proportion of males are exposed to increased levels of androgens from their male littermates in utero causing gilts to become masculinized \[[@B34-animals-09-00434],[@B36-animals-09-00434]\]. It is generally reported that gilts born in female-biased litters are potentially better replacement females than gilts from male-biased litters, however, more research in this area is needed \[[@B34-animals-09-00434]\]. When sex ratio was recorded at birth, Lamberson et al. \[[@B37-animals-09-00434]\] reported that as the proportion of males in the litter at birth increased, age at puberty decreased. Conversely, Drickamer et al. \[[@B38-animals-09-00434]\] reported that females from litters with a male-biased sex ratio attained puberty later. Nevertheless, further studies reported that gilts from male-biased litters were more likely to have lower successful inseminations, higher insemination failures, lower mating success, fewer pigs born, and less teats as compared with gilts from female-biased litters \[[@B35-animals-09-00434],[@B36-animals-09-00434],[@B38-animals-09-00434],[@B39-animals-09-00434]\]. Masculinized females from male-biased litters are also more likely to display male-like behaviors, are less likely to be fearful, and more likely to be aggressive than gilts from female-biased litters \[[@B40-animals-09-00434]\]. Aggression may lead to early removal from the herd, reduced sow productive lifetime \[[@B41-animals-09-00434]\], and could have important welfare implications \[[@B38-animals-09-00434]\].

Anogenital distance can be used as an indicator of female masculinization in pigs \[[@B36-animals-09-00434],[@B38-animals-09-00434]\]. Drickamer et al. \[[@B38-animals-09-00434]\] reported that gilts originating from a male-biased litter (\>67% males) had a larger anogenital distance when measured within four days after birth as compared with gilts from litters with lower proportions of males in the litter. In contrast, Seyfeng et al. \[[@B36-animals-09-00434]\] reported that although anogenital distance was not different between male-biased (\>60% males) as compared with female-biased (\>60% females) litters at day one of age, gilts from female-biased litters had a longer anogenital distance at three and 16 weeks of age. In a second study by the same authors, anogenital distance was measured at the time of preselection at approximately 170 days of age. Gilts with an anogenital distance longer than 11.55 mm, and likely from a female-biased litter, were heavier, achieved puberty earlier, were mated younger, and had greater born alive litter size at parity one than gilts with an anogenital distance shorter than 11.55 mm \[[@B36-animals-09-00434]\].

Taken together, these results confirm that the sex ratio of the litter into which a potential replacement gilt is born, and the anogenital distance at selection, could also be considered when selecting future replacement females. Although more research is needed in the area, future replacement gilts could be non-selected based on sex ratio at birth, or measurements of anogenital distance cold be taken at the time of selection, to further help in improving the productivity of the replacement female.

3. Effective Selection of the Most Fertile Gilts for Entry to the Breeding Herd {#sec3-animals-09-00434}
===============================================================================

Successful gilt introduction and selection drives lifetime reproductive performance and longevity in the breeding herd. Litter size has been reported to increase until the fourth parity and then slowly declines \[[@B42-animals-09-00434]\]. The failure of females to produce at least three \[[@B43-animals-09-00434],[@B44-animals-09-00434]\], or even five \[[@B45-animals-09-00434]\], litters represents a potential financial loss to the producer and is a major concern for the swine industry. The frequency of culling females from the herd is highest in gilts (38.5--51.1%) \[[@B46-animals-09-00434],[@B47-animals-09-00434]\] and a high incidence of sows only producing one litter has been reported \[[@B44-animals-09-00434],[@B48-animals-09-00434]\]. Thus, a key area for improvement is from gilt entry until farrowing the third litter, and particularly improved management to reduce the number of gilts that never farrow a litter and are completely unproductive \[[@B49-animals-09-00434]\]. The ability to identify gilts with the greatest potential for lifetime performance, therefore, is crucial to the productivity of conventional production systems and the response to boar stimulation effectively identifies the more productive gilts. When boar exposure is limited to a pre-established window of time, earlier maturing gilts are identified and producers can take advantage of the link between early sexual maturity and improved sow lifetime productivity \[[@B50-animals-09-00434]\].

Although "age at puberty" is a reliable indicator of future sow reproductive performance and longevity \[[@B3-animals-09-00434]\], it is important to recognize that the recorded age at pubertal estrus is an interaction involving genetic potential, the underlying physiological mechanisms affecting sexual maturation and the management protocols implemented. Age at puberty is characterized by a moderate heritability, reportedly ranging between 0.25--0.42 \[[@B46-animals-09-00434]\]. The variation in farm and management conditions can negatively impact future performance and attention should focus on management to optimize future performance and longevity \[[@B51-animals-09-00434]\]. Suboptimal management and environment inputs frequently override the underlying genetic potential for early sexual maturation \[[@B52-animals-09-00434]\].

The characteristics of behavioral estrus at puberty are predictive of future performance: Sows with stronger behavioral symptoms during pubertal estrus (length and strength of the standing reflex) are more likely to farrow \[[@B53-animals-09-00434]\], and gilts with more prominent vulval changes at pubertal estrus also have more prominent vulval changes at their first post-weaning estrus \[[@B54-animals-09-00434]\]. Early age at puberty was reported to have little effect on the total pigs born or born alive per litter on a per parity basis, or on total pigs produced over the female's productive life \[[@B46-animals-09-00434],[@B47-animals-09-00434],[@B54-animals-09-00434],[@B55-animals-09-00434]\]. However, the likelihood of a gilt farrowing a first, second or third litter increased as age at puberty decreased \[[@B51-animals-09-00434],[@B56-animals-09-00434]\] and age at puberty is generally associated with improved retention rate and longevity of sows in the herd \[[@B46-animals-09-00434],[@B51-animals-09-00434],[@B55-animals-09-00434],[@B57-animals-09-00434]\]. Gilts that are younger at puberty are culled at higher parities than gilts that are older at puberty \[[@B47-animals-09-00434],[@B54-animals-09-00434]\]. The primary reason for culling of gilts from the herd has been reported to be reproductive failure \[[@B48-animals-09-00434]\] and for those gilts culled due to reproductive reasons, a higher proportion removed had delayed puberty \[[@B47-animals-09-00434]\]. Gilts with an early age at puberty are served earlier and thus accumulate fewer lifetime nonproductive days, increasing their lifetime productivity measured as pigs weaned/sow/year \[[@B2-animals-09-00434],[@B46-animals-09-00434]\]. Gilts with a lower age at first mating (\<229 d) had greater longevity as measured by herd productive days and parity at removal \[[@B58-animals-09-00434]\]. Additionally, an increase in age at first mating from 220 to 300 days was associated with an increase in culling risk due to pregnancy failure by 2.1% \[[@B59-animals-09-00434]\]. Furthermore, the lifetime performance of gilts with increased age at first mating is confounded by the fact that these gilts are also at risk of being overweight at breeding \[[@B47-animals-09-00434]\] which negatively affects longevity. Age at first mating, therefore, is intrinsically related to the biological variation in age at puberty and to herd management \[[@B58-animals-09-00434]\] and has been shown to be a critical factor determining future longevity and lifetime efficiency \[[@B46-animals-09-00434],[@B58-animals-09-00434],[@B59-animals-09-00434],[@B60-animals-09-00434],[@B61-animals-09-00434]\]. Taken together, these results indicate that the detection and recording of pubertal estrus by approximately 220 days of age is a key driver of future reproductive performance \[[@B56-animals-09-00434]\].

Nevertheless, compared to the detailed analysis of sow reproductive performance as a measure of commercial success, objective and critical monitoring of gilt development, and a clear understanding of the link between the quality of the replacement gilt program and overall breeding herd performance, are lacking. Patterson et al. \[[@B55-animals-09-00434]\] classified gilts that reached puberty within 40 days of initial boar contact starting at 140 days as "select" and gilts that did not respond within 40 days as "non-select" females. More "select" gilts were initially bred and the rate of fallout per parity tended to be lower as compared with "non-select" females. In general, gilts that are naturally cyclic within a defined number of days after boar exposure (35 to 40 in a commercial situation) should be considered to be the premium "select" gilt population. All others are considered "opportunity" gilts and are only entered into the herd if breeding targets cannot be met from the "premium" select pool.

The ability to identify early puberty, and to produce a synchronous pubertal response to external stimuli, are both dependent on the age at the start of puberty stimulation and heat detection. When boar exposure commences earlier (140 to 160 d of age), a normal distribution in age at detected first estrus is observed in the majority of the population \[[@B56-animals-09-00434],[@B62-animals-09-00434],[@B63-animals-09-00434]\]. When gilts continue to be stimulated and monitored for longer periods (up to 260 days of age), most will eventually have a recorded estrus, however, the later maturing gilts were reported to be part of a different distribution \[[@B63-animals-09-00434]\]. Although delaying the start of puberty stimulation to greater than 190 d results in a more synchronous response to boar stimulation \[[@B64-animals-09-00434]\], this limits the ability to discriminate between the earlier maturing "select" gilts and the later maturing "opportunity" gilts that are less fertile \[[@B55-animals-09-00434]\]. Therefore, although retention of nonpubertal gilts within the gilt pool for long periods will result in high selection rates, this is probably a counterproductive approach and comes at a cost. Gilts that take longer to respond to boar exposure have longer entry to service intervals and accumulate excessive non-productive days \[[@B55-animals-09-00434]\], and the management of these later maturing gilts involves inefficient use of labor and space. Most importantly, these later maturing gilts also have reduced retention in the breeding herd \[[@B46-animals-09-00434],[@B47-animals-09-00434],[@B54-animals-09-00434],[@B56-animals-09-00434]\], have poorer reproductive efficiency over their productive life \[[@B54-animals-09-00434]\], and are at risk for increased mature body size at breeding, which is associated with poor retention in the breeding herd \[[@B63-animals-09-00434]\].

As reviewed by Knox et al. \[[@B65-animals-09-00434]\], despite effective puberty stimulation and estrus detection programs being in place, delayed puberty and anestrus are observed are observed on commercial breeding farms, with 10--30% of gilts failing to display estrus within 60 to 80 days of boar exposure. Similarly, Patterson et al. \[[@B49-animals-09-00434]\] reported that in successive groups of gilts entering the same gilt development unit, between 12% and 43% were noncyclic after 30 days of intensive boar exposure. This variation in response to boar stimuli could be due to a number of factors, including age, growth rate, season, health status, barn environment, crowding, and unknown litter of origin effects. In the case of gilts that failed to display estrus in recorded studies, examination of the ovaries at slaughter indicated that approximately 40% to 60% of the gilts did have inactive ovaries and were truly prepubertal. However, the remainder had active corpora lutea indicating that the gilts had previously cycled but had not been detected in estrus \[[@B66-animals-09-00434],[@B67-animals-09-00434]\]. Similarly, in a study by Tummaruk and Kesdangsakonwut \[[@B68-animals-09-00434]\], in gilts that were culled but at slaughter were confirmed to be pubertal and to have previously ovulated normally, approximately a third were culled because they did not exhibit a standing pubertal estrus. These authors suggest that either ineffective estrus detection or silent heat may be the cause \[[@B66-animals-09-00434],[@B67-animals-09-00434],[@B68-animals-09-00434]\]. For those gilts that were previously cyclic and may have displayed silent heat, Knox \[[@B12-animals-09-00434]\] suggested this may be due to an underdeveloped hypothalamic-pituitary axis that is unable to mount a positive feedback response to low concentrations of circulating estrogen. However, evidence that gilts cycled and displayed a standing estrus that was undetected at the farm, highlights the importance of implementing effective gilt management programs.

The ability to correctly diagnose reproductive failure in the gilt is confounded by the complex interactions involved in the stimulation and detection of pubertal estrus \[[@B12-animals-09-00434]\]. Puberty attainment in gilts can be affected by numerous factors including housing, climatic environment, season, manure handling systems, feeding systems, nutrition programs, health, and numerous management factors \[[@B69-animals-09-00434]\]. Knox \[[@B12-animals-09-00434]\] recently identified litter of origin, birth weight, growth rate, and body composition as key factors that may affect pubertal onset in gilts. As previously discussed, gilt management starts at birth and factors such as birth weight, colostrum ingestion, and preweaning growth, if not properly controlled, may delay age at puberty. Despite all these complex interactions, effective pre-selection programs at approximately 150--170 days of age, followed by rigorous and well managed selection protocols identifying and recording a pubertal standing heat, are critical steps for the achievement of good breeding herd performance.

Kirkwood and Aherne \[[@B70-animals-09-00434]\] predicted that neither gilt age nor body weight are reliable indices of reproductive development, and this is supported by the large range of age (130--190 d) and growth rate (0.4--0.8 kg/d) at which gilts reached puberty reported by Patterson et al. \[[@B55-animals-09-00434]\]. However, minimum growth thresholds appear necessary. Beltranena et al. \[[@B71-animals-09-00434]\] suggested that at growth rates below 0.55 kg/d the onset of puberty may be delayed. More recently, the negative relationship between age and lifetime growth rate at puberty has been confirmed \[[@B50-animals-09-00434],[@B62-animals-09-00434],[@B72-animals-09-00434]\]. Given the growth rates achieved in contemporary dam-line genotypes, few gilts are at risk of low growth rates (\>0.55 kg/d), however, puberty onset will still be delayed in slower growing gilts \[[@B63-animals-09-00434]\]. Conversely, in high health and high productivity herds, \~40% of gilts are achieving growth rates \>0.70 kg/d and are at risk of growing too fast if feed intake is not limited during development. This is a major concern for those sectors of the pork industry that practice feeding to appetite throughout gilt development. Calderón Díaz et al. \[[@B63-animals-09-00434]\] reported that overweight gilts at breeding are at risk for reduced SLP and are a risk factor for early culling from the sow herd. To reduce the risk of the fastest growing gilts being overweight at breeding, reducing the age at the start of boar exposure and thus identifying puberty sooner, may enable producers to breed gilts earlier and lighter. Kummer et al. \[[@B72-animals-09-00434]\] reported no adverse effects on reproductive performance over three parities in breeding gilts growing \>700 g/d at their second estrus, and a minimum of 127 kg, when breeding occurred between 185 and 210 d of age, as compared with \>210 d of age.

4. Effective Management Programs that Provide a Consistent Supply of Service Eligible Gilts {#sec4-animals-09-00434}
===========================================================================================

Developing management practices that identify gilts with the greatest potential for lifetime performance is crucial to the productivity of conventional production systems \[[@B50-animals-09-00434],[@B55-animals-09-00434],[@B58-animals-09-00434]\]. Therefore, the implementation of an effective gilt development system is the pivotal starting point to select gilts with the greatest reproductive potential.

4.1. The Boar Effect {#sec4dot1-animals-09-00434}
--------------------

The boar is a critical factor influencing puberty attainment in gilts and daily exposures to a rotation of mature, high libido, boars maximizes the response to boar exposure. The boar effect is a combination of tactile, visual, auditory, and olfactory cues \[[@B73-animals-09-00434]\]. Olfactory cues have been identified as being the most important and "priming" boar pheromones identified in saliva act through nasal receptors and the olfactory bulb to induce pubertal estrus in gilts \[[@B74-animals-09-00434]\]. "White-type" boars most commonly used in commercial production should be a minimum of 10 months of age to ensure that they are secreting adequate levels of the "primer" pheromones and the salivary "froth" that incorporates an essential binding protein for these steroids \[[@B69-animals-09-00434]\]. Even when using a purpose-designed boar exposure area (BEAR) for stimulating pubertal estrus \[[@B75-animals-09-00434]\]), direct contact with a boar reduces age at puberty and increases the percentage of gilts cycling, as compared with fence-line contact \[[@B69-animals-09-00434],[@B76-animals-09-00434]\]. Furthermore, Patterson et al. \[[@B77-animals-09-00434]\] reported that taking the gilts to the BEAR is more effective in inducing puberty than taking the same boars to group-housed gilts in pens. This is consistent with the findings of Rekowt et al. \[[@B78-animals-09-00434]\] that even after the boar's removal from his pen, the remaining pheromones may be sufficient to induce early puberty. Boar libido is also an important factor, gilts exposed to high libido boars reached puberty nearly nine days earlier than gilts exposed to low libido boars \[[@B79-animals-09-00434]\]. To maintain libido, it is recommended that boars are routinely permitted to mount a gilt in standing estrus and to be "hand collected" \[[@B50-animals-09-00434]\]. Daily, direct exposure to a rotation of mature boars for a minimum of 10 to 15 min per day maximizes the response to this "priming" component of the "boar effect" \[[@B69-animals-09-00434],[@B80-animals-09-00434]\]. Therefore, a planned boar replacement program that provides a consistent supply of quality boars for puberty stimulation is an essential component of a gilt puberty stimulation program.

4.2. Implementation of an Effective Puberty Stimulation Program {#sec4dot2-animals-09-00434}
---------------------------------------------------------------

To maximize these components of the "boar effect", and to efficiently, effectively, and safely stimulate first puberty and identify the most fertile gilts, a purpose-designed puberty stimulation area is invaluable \[[@B75-animals-09-00434]\]. Implementation of an effective gilt development unit (GDU) program in conjunction with the use of a BEAR facility has been shown to identify earlier maturing gilts, and thus to take advantage of the link between early sexual maturity and improved SLP \[[@B50-animals-09-00434],[@B55-animals-09-00434],[@B77-animals-09-00434]\]. A BEAR system facilitates both the stimulation and detection of puberty by providing both fence-line and direct contact (15 min daily) with multiple mature boars \[[@B50-animals-09-00434]\]. The GDU protocol is divided into two periods, comprising pre-stimulation management followed by an aggressive but limited stimulation program. During pre-stimulation, routine procedures such as vaccinations, sorting, and tagging are completed, as these procedures may disrupt feed intake and have negative consequences on puberty induction. During the stimulation and detection phase, gilts are subjected to daily fence-line and direct exposure to mature boars for the stimulation (primer pheromone effects) and detection (signaling pheromone effect) of pubertal estrus. Daily records of impending estrus during the "priming" phase (progressive vulval changes and behavioral observations of soliciting by the gilt) are recorded. As gilts exhibit their pubertal estrus, confirmed by the back-pressure test, they are weighed and designated to be bred at second or third estrus to achieve target breeding weights. Only gilts with a recorded standing heat (the heat-no-serve event (HNS) event referred to in the N. American industry) are considered to be "select" gilts and eligible to enter the breeding herd. However, if insufficient naturally cycling gilts are available to meet breeding targets after at least 23 days of daily stimulation (an important minimum duration to allow any previously pubertal gilts to exhibit their second heat during the BEAR-based period of recording), eligible "opportunity" gilts (known noncyclic but with an adequate growth rate) can be treated with exogenous gonadotropins (e.g., PG600) and given daily exposure to boars for an additional seven days to confirm an hormonally-induced HNS event. At this point in the GDU program all remaining noncyclic gilts are not eligible to enter the breeding herd and should be culled.

Patterson et al. \[[@B50-animals-09-00434]\] reported on the impact of an effective commercially-based GDU program on SLP. Overall, 77.6% of gilts exhibited standing estrus within 35 days of starting boar stimulation at around 190 days of age, consistent with previous results from Amaral Filha et al. \[[@B81-animals-09-00434]\]. Despite the considerable (and often unexplained) variation in the percentage of gilts naturally cyclic within a group, treatment with PG600 ensured that predictable numbers of high-quality, breeding eligible gilts were available for breeding. Minimal differences in lifetime productivity were reported between gilts with a natural HNS event as compared with those gilts treated with PG600. Most critically, the lifetime retention and performance of gilts entering the breeding herd from this rigorously controlled and monitored GDU/BEAR program exceeded industry benchmarks for SLP.

Even if the proper facilities are available, the success of a GDU program still depends on the observational ability of the staff involved, regular recording and entry of reproductive events into the farm database, and thorough production record monitoring and analysis \[[@B82-animals-09-00434]\]. The benefits of data-driven decision making have been demonstrated conclusively across many industries \[[@B83-animals-09-00434]\] and if GDU-derived data are collected on a regular basis and analyzed effectively, they can be used to make data-driven decisions that will positively affect overall herd performance. Unfortunately, in the case of the replacement gilt, the necessary data is often not collected and/or analyzed.

5. Appropriate Management of Weight, Physiological Maturity, and a Positive Metabolic State at Breeding {#sec5-animals-09-00434}
=======================================================================================================

Gilts should be stimulated early enough to permit producers to manage gilts to achieve the appropriate weight, estrus number, and metabolic state prior to service after the first detected HNS event \[[@B69-animals-09-00434]\]. First and second parity litter size has been shown to be predictive of later lifetime performance \[[@B2-animals-09-00434],[@B84-animals-09-00434],[@B85-animals-09-00434]\] and the appropriate management of a gilt at first service is, therefore, important to improve first parity litter size and these lasting effects on lifetime production. The cumulative effective of poor management of the gilt prior to service limits the ability of sows to produce pigs in subsequent parities \[[@B10-animals-09-00434]\].

5.1. Weight {#sec5dot1-animals-09-00434}
-----------

It is recommended that gilts be bred at a target weight of 135 to 150 kg \[[@B86-animals-09-00434],[@B87-animals-09-00434]\]. From a biological perspective, the target for service weight is derived from the work of Clowes et al. \[[@B88-animals-09-00434]\] who reported that a body mass \>180 kg after farrowing is protective against the detrimental effects of lean tissue loss during first lactation on subsequent reproductive performance. Thus, if gilts are bred at 135 to 150 kg, and assuming a sow tissue weight gain of 35 to 40 kg during gestation, gilts would be at target weight at farrowing \[[@B49-animals-09-00434],[@B50-animals-09-00434]\]. The lower end of the target weight for breeding was also suggested from the empirical study of Williams \[[@B86-animals-09-00434]\] who reported that gilts weighing less than 135 kg have fewer total pigs born over three parities than gilts weighing over 135 kg. Although Tummaruk and Kesdangsakonwut \[[@B68-animals-09-00434]\] reported that body weight and growth rate of the gilts was correlated with the number of ovulations and that for every 10 kg increase in body weight an increase of 1.1 corpora lutea was observed, Bortolozzo et al. \[[@B7-animals-09-00434]\] found no weight-related difference in total born or born alive when gilts were heavier than 130 kg at first service. Furthermore, gilts that were heavier at first service had a decrease in farrowing rate in parity two and those gilts bred at \>170 kg were at risk of low retention and locomotion problems over three parities \[[@B89-animals-09-00434]\]. Heavy gilts at first service, also tend to be heavy at farrowing and have more demands for maintenance over their productive life \[[@B7-animals-09-00434]\], and heavy gilts during gestation and lactation were reported to achieve less than optimal productivity and feed utilization \[[@B89-animals-09-00434]\]. Furthermore, compared to slower growing gilts (\<700 g/d), gilts with lifetime growth rates from birth to mating \>771 g/d had a greater total number of pigs born, but they also had more stillborn pigs and more piglets born weighing less than 1.2 kg.

Although information on gilt weight at either the onset of boar stimulation, or at the time of pubertal estrus, is a critical step in meeting target gilt breeding weights \[[@B49-animals-09-00434]\], these records are typically not available across the production industry today \[[@B90-animals-09-00434]\]. Although a weigh scale is the most accurate way to determine body weight, estimating body weight using a weight tape that is established on the basis allometric growth curves which take advantage of the high correlation between heart girth circumference and body weight, is an objective and simple to manage alternative \[[@B90-animals-09-00434],[@B91-animals-09-00434]\].

5.2. Estrus at Breeding {#sec5dot2-animals-09-00434}
-----------------------

Physiological age at breeding (recorded pubertal estrus and number of estrous cycles), rather than chronological age, is an important criterion for determining the time of mating in gilts \[[@B49-animals-09-00434]\]. Delaying breeding to second estrus has a positive effect on litter size \[[@B69-animals-09-00434],[@B92-animals-09-00434],[@B93-animals-09-00434],[@B94-animals-09-00434]\] and is generally accepted as common practice in the industry \[[@B5-animals-09-00434]\]. The increase in litter size is believed to be a consequence of an improvement in ovulation rate after puberty \[[@B76-animals-09-00434],[@B95-animals-09-00434],[@B96-animals-09-00434],[@B97-animals-09-00434],[@B98-animals-09-00434]\] and gilts bred at second estrus produced 1.2 more pigs after four litters as compared with gilts bred at first estrus \[[@B92-animals-09-00434]\]. No improvement in litter size or farrowing rate resulted from delaying breeding beyond second estrus \[[@B92-animals-09-00434],[@B95-animals-09-00434]\]. Therefore, breeding beyond second estrus should only be implemented to achieve minimal acceptable breeding weight targets \[[@B49-animals-09-00434]\], as the accumulation of 21 additional non-productive days may not be offset by an increase in litter size.

5.3. A Positive Metabolic State at Breeding {#sec5dot3-animals-09-00434}
-------------------------------------------

After the first estrus has been recorded, gilts should be acclimated to stalls or breeding and gestation housing at least 16 d prior to breeding \[[@B5-animals-09-00434]\]. Studies in the prepubertal gilt \[[@B99-animals-09-00434],[@B100-animals-09-00434]\] demonstrated the negative impact of reduced feed intake on the reproductive system and an inhibition of episodic LH secretion within hours of moving gilts from ad libitum to maintenance feed allowances. Thus, the priming mechanisms that will sensitize the ovary to puberty induction stimuli are already affected by the dynamic metabolic state of the gilt. The importance of maintaining high feed intake between first and second estrus to support a maturational increase in ovulation rate from 11.1 to 14.2 ovulations, and some of the endocrine mechanisms involved, were reported by Beltranena et al. \[[@B71-animals-09-00434],[@B98-animals-09-00434]\]. Interestingly, more recent studies that manipulated energy intake during the early or late stages of the first estrous cycle did not report detrimental effects of energy restriction on ovulation rate at second estrus (with the average ovulation rate now nearly 18). However, embryonic survival was negatively impacted by restriction in the late but not in the early luteal phase \[[@B101-animals-09-00434],[@B102-animals-09-00434]\]. Adequate energy intake during the luteal phase of the first estrous cycle was again confirmed as being crucial to maximizing reproductive performance in gilts, as restricted feed intake had negative effects at the ovarian level and reduced ovulation, and thus potential litter size of gilts bred at second estrus \[[@B103-animals-09-00434]\]. In this study, feed restriction early in the cycle before breeding was not compensated by high feed intake later in the cycle. Additionally, a starch- (carbohydrate) based energy source was reported to be beneficial for the ovulation rate (16.4 vs. 13.8), numbers of embryos at day 28 (13.4 vs. 11.4), embryo weight (2.0 g vs. 1.7 g) and placental weight (25.3 g vs. 20.8 g) as compared with an oil- (soya bean oil) based energy source \[[@B104-animals-09-00434]\]. Collectively, these studies provide convincing evidence for maintaining a positive metabolic state in the pre-breeding period in the gilt as another critical step in optimizing herd reproductive performance. Consequently, the practice of moving gilts to individual stalls immediately before breeding will inevitably disrupt normal feed intake and adversely affect the critical priming mechanisms that support ovarian and uterine function and optimize embryo survival and litter size in the gilt \[[@B99-animals-09-00434]\].

6. Conclusions {#sec6-animals-09-00434}
==============

There is substantial evidence supporting successful management of gilts as an absolutely necessary component of herd management and the pivotal starting point for the future fertility and longevity of the breeding herd. Good gilt management starts at birth because litter of origin, lactation management, and the application of early selection strategies are early indicators of future performance and efficiency. Selecting gilts with the greatest potential for lifetime performance is crucial to the productivity of conventional production systems. This can be achieved through the implementation of highly efficient gilt development programs that identify gilts with the greatest reproductive potential, limit entry-to-service intervals, and manage gilts to achieve the appropriate physiological and metabolic state at service. As good gilt management can largely resolve the existing gap between excellent genetic potential and the more modest sow lifetime productivity typically achieved in the industry, an investment in good gilt development programs represents a foundational opportunity for improving the efficiency of the pork production.
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